J 



Europaisch sPatentamt 
European Patent Office 
Office europeen des brevets 



© Publication numb r: 



■inn 

0 458 200 A2 



EUROPEAN PATENT APPLICATION 



® Application number: 91107987.9 
@ Date of filing: 16.05.91 



© Int. CI. 8 : G01J 5/00 





(n) Annlirant* HORIBA LTD 


2 Mlvanohlaashl-machl Kissvoin 


© Date of publication of application: 


Minaml-ku Kyoto(JP) 


9711 Q1 Bulletin 91/48 


@ Inventor: Nomura, Toshiyuki 




© Designated Contracting States: 


9-4, 1 Chome, Nishishinbayashi-cho, Oe 


DE FR GB 


Nishlkyo-ku, Kyoto-city, Kyoto(JP) 




Inventor. Osuga, Naohiro 




41-2, 6ban-cho, Hiyoshidai 




Takatsuki-city, Osaka(JP) 




Inventor: Tsujioka, YuJI 




Hamming Nishiura 302, 119 Nishiura-cho, 




KJssyoin 




Minaml-ku, Kyoto-city, Kyoto(JP) 




Inventor: Matsumoto, Naoyuki 




205-21, Minamihara-machi, Nishinokyo 




Nakagyo-ku, Kyoto-city, Kyoto(JP) 




© Representative: TER MEER - MUUER - 




STEINMEISTER & PARTNER 




Mauerkircherstrasse 45 




W-8000 MUnchen 80(DE) 



CM 
00 

in 



Q. 

LU 



© Radiant thermometer. 

© In a radiant thermometer, in which infrared rays 
radiated from a point (11) to be measured are fo- 
cused on a light-receiving surface of a detector (4) 
by means of a condensing lens (3), a visible sighting 
light source (5) is arranged on an optical axis of said 
condensing lens (3) on the side opposite to said 
light-receiving surface of said detector (4) and a 
sighting lens (9, 10) with an optical axis thereof 
coinciding with said optical axis of the condensing 
lens (3) is arranged outside of a circumference of 
the condensing lens (3) so that a sighting light from 
said sighting light source (5) may be focused on 
said point (11) to be measured by means of said 
sighting lens (9, 10), so that said point (11) to b 
measured can be accurately made coincide with 
also a minute portion to be measured. 



Fig.1 
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Field of the Inv ntion 

The present inv ntion relates to a radiant ther- 
mometer as claimed in the preamble of claim 1 for 
detecting infrared rays radiated from an object 
which temperature has to be measured on the 
basis of a quantity of said infrared rays radiated 
from said object, wherein a sighting system for 
indicating a particular minute point to be measured 
is provided. 

Description of the Prior Art 

A radiant thermometer detects infrared rays 
radiated from an object to be measured and is not 
brought into contact with said object. Accordingly, 
said radiant thermometer for measuring a tempera- 
ture of a small portion and the like is provided with 
a sighting system for indicating a position to be 
measured. 

A radiant thermometer is already disclosed in 
for example Fig. 1 of Japanese Utility Model Ap- 
plication Laid-Open No. Sho 55-175835 which is 
capable of setting sights on the object to be mea- 
sured. 

In this radiant thermometer, infrared rays are 
condensed by means of a condensing lens to be 
incident upon a detector and a sighting light source 
and a sighting lens for focusing into an image of a 
sighting light on a point to be measured are pro- 
vided on an optical axis on the side in front of said 
condensing lens. Said image of said sighting light 
source is distinctly focused on said point to be 
measured in order to indicate said point. 

In this conventional radiant thermometer, the 
image of the sighting light source is focused on the 
point to be measured by means of said sighting 
lens, so that, even though said object to be mea- 
sured or a portion to be measured is minute, a shift 
of a sighing position in the radial direction of the 
sighting lens can be comparatively easily removed 
by focusing said sighting light onto the object to be 
measured or said portion to be measured. 

However, the sighting light source and the 
sighting lens are provided on the optical axis on 
the side in front of the condensing lens, so that 
infrared rays are blocked by the sighting light 
source and the sighting lens what means that said 
infrared rays radiated from the object to be mea- 
sured can not be incident upon the condensing 
lens and thus a problem has occurred in that said 
infrared rays at these portions make a loss. 

Furth r, an opening angle from the point to be 
measured to the sighting I ns is considerably 
smaller than that from th point to be measured to 
th condensing lens. Accordingly, a problem has 
occurred in that a shift in focus in the direction of 
th optical axis of the sighting lens can b difficulty 



identified and thus it is difficult to sev rely adjust 
the focus. Moreover, if a focus of th sighting light 
is shifted in th direction of the optical axis of the 
sighting lens, a difference of a diameter to be 

5 measured due to a dislocation of the point to be 
measured is considerably increased in comparison 
with said shift in focus, so that a problem has 
occurred also in that it is difficult to accurately 
position the point to be measured within the minute 

10 portion to be measured. 

Summary of the Invention 

The present invention solves the above de- 
75 scribed problems and aims at the provision of a 
radiant thermometer provided with a sighting sys- 
tem capable of making a point to be measured 
accurately coincide with also a minute position to 
be measured. 

20 At radiant thermometer, wherein infrared rays 
radiated from a point to be measured are focused 
on a light-receiving surface of a detector by means 
of a condensing lens, according to the present 
invention is characterized in that a visible sighting 

25 light source is arranged on an optical axis of said 
condensing lens on the side opposite to said light- 
receiving surface of said detector and a sighting 
lens with an optical axis thereof coinciding with 
said optical axis of the condensing lens is arranged 

30 outside of a circumference of the condensing lens 
so that a sighting light from said sighting light 
source may be focused on said point to be mea- 
sured by means of said sighting lens. 

A ringed or non-ringed lens may be used as 

35 the sighting lens. And, the sighting lens having an 
optional construction capable of focusing the sight- 
ing light from the sighting light source on the point 
to be measured can be used. In addition, a number 
of sighting lenses arranged in the direction of the 

40 optical axis of the condensing lens may be option- 
ally used and it is determined depending upon said 
construction of the sighting lens and the like. 

In the radiant thermometer according to the 
present invention, the sighting light from the sight- 

45 ing light source is guided by means of the sighting 
lens to be focused on the optical axis of the con- 
densing lens and a position, where the sighting 
light is focused, coincides with the point to be 
measured determined for the radiant thermometer. 

so And. in order to measure the temperature of the 
object, the portion to be measured is irradiated with 
the sighting light and the focus is adjusted to make 
the point to be measured coincide with th portion 
to be measured. 

55 Further, sine the sighting light source is ar- 
ranged b hind the detector, the whole quantity of 
infrared rays radiated from the portion to be m a- 
sured is incident upon th condensing lens. In 
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addition, since the sighting lens is arranged outsid 
of a circumf rence of the condensing I ns and said 
opening angle from th point to b measured to 
the condensing lens, the shift in focus of the sight- 
ing light in the direction of the optical axis of the 5 
condensing lens can be easily confirmed and thus 
the focus can be severely adjusted. 

Brief Description of the Drawings 

_____ ,. ... ^ 

A fist preferred embodiment is shown in Figs. 1 
to 3, in which 

Fig. 1 is a sectional front view; 

Fig. 2 is a sectional side view; and 

Fig. 3 is a sectional view showing a holder of a 75 

sighting light source. 

Fig. 4 is a sectional side view showing a second 
preferred embodiment 

Fig. 5 is a schematic drawing showing a third 
preferred embodiment 20 
Fig. 6 is a schematic drawing showing a fourth 
preferred embodiment. 

Fig. 7 is a schematic drawing showing a fifth 
preferred embodiment. 

Fig. 8 is a schematic drawing showing a sixth 2s 
preferred embodiment. 

Detailed Description of the Preferred Embodiments 

A first preferred embodiment of a radiant ther- 30 
mometer according to the present invention will be 
below described with reference to Figs. 1 to 3. 

Referring to Rgs. 1 to 3 reference numeral 1 
designates a case with a lens-barrel 2 arranged at 
a central portion thereof. Reference numeral 3 des- 35 
ignates a condensing lens for condensing infrared 
rays radiated from a point to be measured. Said 
condensing lens 3 is arranged within an end por- 
tion of said lens-barrel 2 and a detector 4 for 
focusing infrared rays, which have transmitted 40 
through said condensing lens 3, is arranged at the 
other end of the lens-barrel 2. A lens made of Si, 
Ge, BaF 2 and the like, through which infrared rays 
are transmissible, is used as the condensing lens 
3. 45 

Reference numeral 5 designates a sighting 
light source made of LED arranged on an optical 
axis of the condensing lens 3 on the side opposite 
to a light-receiving surface of said detector 4. Said 
sighting light source 5 is movably arranged on a so 
holder 6 so as to adjust an optical axis thereof 
(refer to Fig. 3). Reference numerals 7a, 7b des- 
ignate springs mounted on said holder 6 so as to 
support said sighting light source 5 and the holder 
6 is provided with adjustabl screws 8a, 8b moun- 55 
ted thereon opposit said springs 7a, 7b. Accord- 
ingly, upon rotating one or both of said adjustable 
scr ws 8a, 8b, th springs 7a, 7b are expanded 
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and contracted correspondingly to move th sight- 
ing light sourc 5. 

Reference numerals 9, 10 designate aspherical 
(hyperbolic) ring sighting lenses arranged outside 
of the lens-barrel 2 so that a visible sighting light 
radiated from the sighting light source 5 may be 
focused on said point 11 to be measured set on 
the basis of a distance between the condensing 
lens 3 and the detector 4 and the like by making 
optical axes thereof coincide with said optical axis 
of the condensing lens 3. Reference numeral 12 
designates a printed circuit board and reference 
numeral 13 designates cap screws for fixedly 
mounting said sighting lenses 9, 10 on said case 1 
(refer to Fig. 2) provided at opposite positions. 
Reference numeral 14 designates lead wires of the 
detector 4, a compensating temperature sensor 
(not shown) and the like. Said lead wires 14 are 
positioned so that they may be nearly put on said 
cap screws 13 in the direction of the optical axis of 
the condensing lens 3. Reference numeral 15 des- 
ignates an optical path of the sighting light radiated 
from the sighting light source 5, reference numeral 
16 designates an optical path of infrared rays radi- 
ated from an object to be measured positioned at 
the point 11 to be measured, and reference nu- 
meral 17 designating an object to be measured. 

In this radiant thermometer, the sighting light 
from the sighting light source 5 is focused on the 
point 11 to be measured by means of the sighting 
lenses 9, 10, as above described. In addition, when 
it is required to adjust the optical axis of the 
sighting light source 5, the sighting light source 5 
is moved by rotating one or both of the adjustable 
screws 8a, 8b, as above described. 

Accordingly, when a temperature of the object 
is measured, the sighting light radiated from the 
sighting light source 5, transmitted through the 
sighting lenses 9,10, and focused is irradiated on a 
surface of the object 17 and focused on a position 
to be measured, whereby the point 11 to be mea- 
sured can be accurately positioned at said desired 
position of the object to be measured. 

And, since the sighting lenses 9, 10 are ar- 
ranged outside of the lens-barrel 2, it is clear that 
an opening angle from the point 1 1 to be measured 
to the sighting lens 9 is larger than that from the 
point 1 1 to measured to the condensing lens 3. 

Accordingly, it is easy to confirm a shrft of the 
sighting light in focus (shaded image) in the direc- 
tion of the optical axis of the condensing lens 3 
and thus the sighting light can be severely focused. 
Moreover, even though th sighting light is shifted 
in focus, in the abov described manner, a dif- 
ference in measured diam ter du to a dislocation 
of the point 11 to be m asured is small in compari- 
son with said shift in focus. Accordingly, also in the 
case wher the object to be measured is small or 
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the portion to be measured is minute, if the sight- 
ing light is focused on them, the point 11 to be 
measured can b accurately positioned at the 
minute object to be measured or the portion to be 
measured and thus also the temperature of the 
minute object to be measured or portion to be 
measured can be accurately measured. 

Furthermore, since the sighting lenses 9, 10 
have a ring-like form, also influences by the fixing 
cap screws 1 3 and the like are reduced and thus it 
is easier to increase a quantity of sighting light and 
distinctly focus the sighting light 

And, since the sighting light source 5 is ar- 
ranged on the side opposite to the light-receiving 
surface of the detector 4, the whole quantity of 
infrared rays radiated from the position to be mea- 
sured of the object to be measured can be incident 
upon the detector 4 through the condensing lens 3 
and thus the loss of infrared rays can be pre- 
vented. 

Fig. 4 shows a second preferred embodiment. 

In this preferred embodiment, respective in- 
dependent sighting lenses 9a, 9b are arranged on 
opposite sides in the radial direction of the lens- 
barrel 2. Accordingly, the quantity of the transmit- 
ted sighting light is smaller than that in said first 
preferred embodiment, so that a sighting light 
source (not shown) having a larger quantity of light, 
which can cope with said reduction in quantity of 
the transmitted sighting light is used. For example, 
a LED having an increased brightness is used. 
Reference numerals 19a, 19b designate support 
members for fixing the sighting lenses 9a, 9b. 

Other constructions are same as in the first 
preferred embodiment, so that they are designated 
by the same reference numerals as in the first 
preferred embodiment and relates to the sighting 
lenses. 

In this preferred embodiment, a sighting lens 9 
comprises a piece of double-convex lens having 
aspherical surfaces (hyperbolic surfaces). Said 
sighting iens 9 can be composed of also a molded 
lens to remarkably reduce the production costs. 

Rg. 6 shows a fourth preferred embodiment 
wherein sighting lenses 9, 10 are composed of a 
pair of Fresnel's lenses. Lenses corresponding to 
aspherical surfaces can be obtained from said 
Fresnel's lenses by suitably selecting a method of 
cutting their grooves to reduce production costs. 
Rg. 7 shows a fifth preferred embodiment 
In this preferred embodiment, the aberration of 
spherical lenses is used on the contrary, that is 
sighting lenses 9, 10 are composed of a pair of 
spherical lenses. Since said spherical I nses are 
used as said sighting lenses 9, 10, a small-seal 
production can be easily conducted. 

Rg. 8 shows a sixth preferr d mbodiment 
In this preferred embodiment, a sighting light 



from a sighting light source 5 is reflected by a 
reflecting mirror 20 to be incident upon a sighting 
lens 9 and focused on a point 1 1 to b measured. 
Accordingly, an optical axis of said sighting light 

5 can be adjusted by adjusting an angle of said 
reflecting mirror 20. The reflecting mirror 20 may 
have a ring-like shape. 

Other constructions of the respective preferred 
embodiments shown in Rgs. 5 to 8 are same as in 

70 the first preferred embodiment, so that they are 
designated by the same reference numerals as in 
the first preferred embodiment 

In the radiant thermometer, wherein the con- 
densing lens for condensing the infrared rays radi- 

75 ated from the object to be measured and making 
them incident upon the detector is provided in the 
above described manner, the sighting light source 
is arranged on the side opposite to the light-receiv- 
ing surface of the detector and the sighting lens for 

20 focusing the sighting light from the sighting light 
source is arranged outside of the circumference of 
the condensing lens. 

Accordingly, the whole infrared rays radiated 
from the object to be measured can be incident 

25 upon the condensing lens and thus the condensing 
loss can be prevented, so that the temperature of 
the object to be measured can be accurately mea- 
sured. 

And, since the opening angle from the point to 

30 be measured to the sighting lens is larger than that 
from the point to be measured to the condensing 
lens, the shift in focus of the sighting light in the 
direction of the optical axis of the condensing lens 
can be easily confirmed and thus the focus can be 

35 severely adjusted. Moreover, even though the shift 
in focus of the sighting light occurs, the difference 
of the diameter to be measured due to the disloca- 
tion of the point to be measured is reduced in 
comparison with the shift in focus. Accordingly, the 

40 point to be measured can be accurately positioned 
at also the minute object to be measured or posi- 
tion to be measured by focusing the sighting light 
and thus the temperature of the object to be mea- 
sured or position to be measured can be accu- 

45 rately obtained. 

Claims 

1. A radiant thermometer, in which infrared rays 
so radiated from a point to be measured are fo- 
cused on a light-receiving surface of a detector 
(4) by means of a condensing lens (3) is 
characterized in that a visibl sighting light 
source (5) is arranged on an optical axis of 
55 said condensing lens (3) on th sid opposite 
to said light-receiving surface of said detector 
(4) and a sighting lens (9. 19) with an optical 
axis thereof coinciding with said optical axis of 
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th condensing lens (3) is arranged outside of 
a circumference of the condensing lens (3)so 
that a sighting light from said sighting light 
source (5) may be focused on said point to be 
measured by means of said sighting lens (9, 5 
10). 

2. The radiant thermometer as set forth in claim 
1, characterized In that the sighting lens (9, 

10) is formed so as to be aspherical. 10 

3. The radiant thermometer as set forth in claim 
1, characterized in that said sighting light 
from the sighting light source (5) is reflected 

by a reflecting mirror (20) to be incident upon is 
the sighting lens (9). 

4. The radiant thermometer as set forth in claim 
1 , characterized in that the sighting lens (9, 

10) is composed of a pair of Fresnel's lenses. 20 

5. The radiant thermometer as set forth in one of 
the claims 1 to 4, characterized in that the 
sighting lens (9, 10) has a ring-like shape. 

25 

6. The radiant thermometer as claimed in one of 
the claims 1 to 6, characterized in that the 
sighting light source (5) is movably arranged in 
radial directions thereof within a holder (6). 

30 

7. The radiant thermometer as claimed in one of 
the claims 1 to 6, characterized in that the 
condensing lens (3) and the infrared detector 
(4) are mounted within a lens-barrel (2) carry- 
ing on its outer circumferential surface the 35 
sighting lens (9, 10). 

8. The radiant thermometer as claimed in one of 
the claims 1 to 6, characterized in that lens- 
barrel (2) is supported via said sighting lens 40 
(9,10) in a lens-barrel housing (1). 

9. The radiant thermomedter as claimed in one of 
the claims 3 to 8, characterized in that the 
reflecting mirror (20) has a ring-like shape. 45 
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